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I NTRODUCT ION

The AFGLMiniature Electrostatic Accelerometer (MESA) on the Atmosphere

Explorer (AE) satellites was designed to provide neutral atmospteric density

measurements by determining satellite deceleration caused by ae-odynamic

drag. Each spacecraft contained three single-axis srnsors. Th,- first is

aligned with the Z (spin) axis, while the other two sensors (designated XY

and YX) are located in the X-Y plane at a 450 angle on either side of the

+X axis. The sensors have the capability of being commanded into any of

three sensitivity ranges, with the least sensitive being only used for

satellite thrust monitoring. The focus of our effort has been the utiliza-

tion of the data from these three sensors to determine the velocit., of the

component of neutral atmospheric winds lying along the spacecraft Z axis

during those periods when spacecraft altitude was low enough (' 180 km) for

c curatc, measurements.

The first section of the report discusses the software package that was

put together at UTD to calculate the winds from the MESA telemetry data.

This is followed by a discussion of the application of this software to

actuil MESA data. Results are then plotted and compared with NATE data, and

the *,utpuiit of different filters are examined. Finally, some recommendations

tor LESA data analysis ire presented.

SOFTWARE

ihe first step was- the examination of the results of the AFGL MESA Data

iRedu,'t ion System (DR'.,) , which i tiluded a preliminary wind estimate. It was

iniLiiil v ipparent th.iLt th cuntri iUtion to thei winds of atmospheric corota-

tion (' )00 m/set) waiy not inc bided. In iddition, the computed values showed

sudd,.ti [,tre di:;,,ntintiit ir-s (!;e, Fi"ilnre I). The cause of these effects

r,',,ri hther ;tde. Al:,t if wa. dosiribi, to investigite the effectiveness

1," I .1] I 1 1 1r d ,i' m v Illtio t 
+o n . I. "" Fo r t h e se, re .is on l:.

i. ,(dd t ''pr' r.m In sall.e the MESA data and
'rc. , . Il iiinl. 1.. ! o . t tw.r, ;.,, 1 , , , , is ,lescribed il

:'a, *, 7 ,, ~ a 7,i.i. pit ,
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TrO simplify C-alculations and to aoileve maximum accuracy if was dec ided

to use only data trom despun passes. In addition, the program toes not re-

quire any input fron the MESA data reduction file system developed at the

AFGL, using only the TM data base and orbital and attitude information from

the AE Central Com~puter Facility at Goddard Space Flight Center. The pro-

gram converts the TM data to MESA raw data, applies a temperature correction

to the data, utilizes a filter to eliminate noise due to the sa..ellite'3i

momentum wheel assembly, and finally calculates the velocity of the neutral

wind along the Z-aixis of the satellite, producing a line printer plot of Z

axis wind versus ;.M.T. The Z axis wind was calculated from the formula:

(a Z+I-a !Cosa±) (

where W_. is the Z axis wind, a Z is the Z axis acceleration, V sis the satel-

lite Velocity in the earth's rotating frame of reference, a + is the total

Satel liLIO acc~eleraition, and OL is the angle between the Z axis and the satellite

velocitv vector. Trotal satellite acceleration may be determined either by using

the )uitplit f rom all1 three sensors or by utilIiz ing only the XY and/or YX sensor

aind corrocting for the I~ngle between the sensor and the spacecraft velocity

vec tor.

Control and Input Data

!~sVprogra-m controL is simple.. The major required parameters are

:iiiite idorit ii cat. ion, start and stop dates and tines, sensor(s) to be

USed L,'mi o01JUL tt'tal drag, retference frame for wind calculatiP n koorotat 1mg

or n-n-corotait ing) , antd nuimbot- 01 data points uised in the filttr The

provor im liotn pro-codes to ext rat from the AE data base all data necessary,
incl!d i n;, raiw fIM Li . tlO r Loupe rattnrc, ranget i nd icat ion, overflow f 1ags,

inl i-sit ion, .ittitttdo -ird velhoci ty intormit ion.

hnpt~itir~ orroot ion and Hi tor in:'

is I:! ~iti Si r:;t Lonp,'r~itnrt' rorrocrtl .,"d thon l into a buffer

'Itir WiWt m- i i. :11t.-11 thrtr i a i t otr t- rtmtixo :nomciaiim whleel and

lilt 'a,1 uo>,..oni' i, i I itorm-:: ned is; Lto ''-i' i Iter, developed Jt



Wind Determination

Data from above 280 km altitude is used to establish a1 zero iccel'Verai-

tion baseline for sensor response. Then us ing thet XY sensor,

the YX sensor, or all three sensors, the tot.ii drag, induced decelerit ion of

the vehicle is determined. Using the known attitude and vel-ocity oit-lie

satellite, Equation 1 is then applied to yieUd the Z. axis, wind.

Ove rrangi ng

When one of the sensors is in its most sensiit ive range, it taln riappen

that the acceleration along that axis may excee-d the maximum (2 x l1i )

for that range. When this occurs an overrange flag is signaled in [lhe

telemetry for that sensor. When the XY or YX sensor is being used to deter-

mine total drag, an overrange condition causes that data point to be dropped.

In intervals where the Z axis sensor overranges no useful wind information

can be obtained from the present software, but it is likely that data could

be recovered in these regions with a little more effort. [his uslisa.lv

occurs only below 140 km altitude.

Output

The program output consists of four data ti li. 'Fhe f irst consists of

processed analog data. The !second contains processecd digital data (thlis is

the main output file) . The third contains ai Llne pr ilttr p tot ot ic Z..~i

wind. The last is a file indicating data dropped dut, t.) errors or a'Ver-

ranging.

PROGRAM APILCAT IONS

Since there is no exist ing wind datai base trorn NATE for :%E-( t his satlel-

lite performance is most critical 1'rom a-i overall AEMic lence 50 jrtin

In the course of data reduction several constraints (11on1 the lsalge )I thle

Winds program in regard to AE-C data become apparent.

One problem exists regarding the callb raitioi oft tilt XY ind YX se-nsors.

T f duir in tie course of' a Low alt itude pass one uses the lAt Cc lL at Ci on-

puted from one of thieS. sensors, ind the ttri en tatf itl ttlglg );I t c~it 0 110!

relative to the diroct ion ot sateti itC VVeOtit' 1.' "J1 an ttVii . iti, hil

tile totail drag iiiducod 11-1 -braf ionl ot tlt ie v llt I. I l- 1i. dm.. !itto
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each of tile two spin pla.ne sensors one cons is tent ly finds that thle%, are in

disagreement, with the xX' sensor giving values approximately 10 to 20Z
Larger than those from thle YX sensor. This seems to indicate tile need for
an in-I light calibration, and this can perhaps be achijeved by, it! ilLi. trig thle

density measurements from the onboard neutral mass spectrometers.

A second concern is that of the sensitivity ranges of the A-,ersors. The

standard mode of operation appears to have been to leave the YX anid Z

sensors in their most sensitive range (range 3) while 'eaving tile X'Y sensor

in range 2. While this practice yields the maximum amount of information in

regard to total atmospheric density, it requires that the XY and YX sensors

be intercalibrated to produce a smooth wind profile, since each is used for

part of each pass. The YX sensor saturates and overranges below 150 kin

a.ltitude, forcing us to use only the XY sensor for total drag determination

below this altitude.

In the case of the AE-i and AE-E satellites it was found that the XY

and YX were also left on ranges 2 and 3 respectively. The Z sensor, however,

was not set on thle Most sensitive range but instead on range 2. This de-

grades thle accuracy of wind determination using these two spacecraft, but not

Ia large factor, hi.catise the signal to noise level is fairly low so that

tile extra gain (x 20) going from range 2 to range 3 does not help ta)o much

(i.e. 'he -;iirn;L is larve enouigh to be seen on range 2.

WIND RESULTS

Piic~use ol the short tine ivailable to examine MESA wind data after the
11"w otItwice wa-s .eieckod out the concchusions reached here- are somewhat tenta-
t ive-. A Iotai l oi pproximat- v 40 orh its from all three satellites provide

thle hiti or this re-port.

Illc a AF-l dat.k plot t inl F igure L show a. compar ison of thle east-west
w ilod comlponlent is doLt1Ae rm 'i ij- the program developed here , by the AFGL pro-

i~~m nd by v le .A' inst rimenLt. 1';X('e-I)t for the regions where the AFGL,
resulI ha-0 Ill ippi)-reili i diIf itul t \', thle three sets of data are in general
.* ic' lien lt . i'lie ,rioothle r appearance of thle A\FG. out put Compared to thle UTD
Ili iut.; irises IWC 11.iun0I oilmuch heaivier f iLterinig (.1 two-minlute f i ler compared
I o .1 iI) -secondi I Ii cr I !;o e '11 th AF-i) MELSA d'li . p jii e tr than that

s'hownl here, .111i a'e o i i e r, hum- there, 7s 11u1ch u1se fim data1 even though thle

* m ia ic ''om! 'n i. n lu*midleaen it virvrange.
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Perigee was near 820 north latitude on orbiL D-47 S(, thit the wind

pattern may be reasonable in spite of its structured appeuarance.

A more detailed comparison of the varions filter outputs is shown in

Figure 2, which also uses data for orbit D-457 (note the Lhange in :iign of

the wind coordinate). Data points arv plotted every 10 seconds. ALI the

cur-ves have pretty much the same general characteristics -. cept for the

slightly higher noise level with the narrower filter.;. The simple running

filter seems to be as effective as the much more .ophisticated digital

filter.

There is no wind data with which to compare on AE-C, but the results

obtained from the sensors using current software are consistent with those

expected on a theoretical basis. Figure 3 presents two typical equatorial

passes recorded nineteen days apart on the AE-C saitellite. Note that in

both cases there exist data gaps near perigee due to the saturation of the

Z sensor (not all points are saturated, only those with large noise spikes).

In addition, the effects of atmospheric corotation have been removtd, coro-

tation introducing an easterly bias of approximatel' 450 m/see near the

equator. The perigees of orbits 2830 and 3086 occur at a Solar Local Time

(SLT) of about 16:40 and 12:00 respectively. Model; of the wind velocitv

determined from atmospheric pressure gradients predict Zonal wind \,,lhcities

of about 100-150 m/sec in these regions, with the wind at 12:00 SUI being

westward and the wind at 16:00 SLT being eastward. Indeed, the diti to

reveal a westward to eastward shift in the wind velocity near perigce with

the magnitude of the change being about 110 ai/sec. The noise level o the

rest of the AE-C data examined is of comparable magnitude. In genr.,i,

this noise level is probably smaller than the absolute uncertainty in the

winds arising from errors in the spacecraft attitude. The results certainiv

appear to be of useful quality for AE-science purpoises.

A comparison of the NATE wind data from AE-E with that from NI SA is shown

in Figure 4 for orbit 385. There is a general consi.stencv between the two

results though there is an offset of 40 to 50 m/s near perigee. M i ; d is-

crepancy is not a great deal greater than the uncertainty in thu mountinc

position of the devices within the spacecraift. From ;a ,'mparison ,t i

large data base of NATE winds with the ion drift meter reatIlts rom AF-., e

also find an offset between the devices ol the ordehr ol,) ml':. l11 is oft t o t

is sl,.,wli varving in tim, tweek.s to months;) and i:; !oi ut ndra.'t.od.

7.i
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SUMMARY AND RECOMMENDATLON,;

In summary, the technique of usilg acelt.r mtn t,,,:r; Mt a Iow .0it itud.

satellite to determine the transverse neutral wind app,.tt:; t,, provide val id

measurements. Though a relatively high noiae leveI is I-- esent oil tho A.

satellites, the current MESA sensors are adequatt' to pr,vide a rtIasoiialbl,

wind determination, particularly when thte Z ixis sensor is ill [t2; i,,:.t

sensitive range, as in the case ot AE-C. AL-D and AI--E ,rhi[.i which *hbiv'

a slightly higher noise level, are neverthele:;s valijabit, ill thait NAI wind

data provides a comparison between different I-echniiucs and can b u;ed to

build confidence in the AE-C orbits. This data should b completely

analyzed and the results placed in the Unified Abstract (OA) files for

reference by all interested researchers. A word assignment fIn MESA

wind already exists in the UA files.

We did not expend any effort to examine the usefulness of the -spinning

data, but it is probably worth some effort to establish whether this data

is of any value also.

It may be that the MESA data from both AE-D and AE-E should also be

compietely analyzed and placed in the UA files. Certainly a relatively

thorough comparison with the NATE data should be made, it for no other

reason than to determine the proper confidence to he placed in the technique

for the AE-C wind users. This is probably a matter that might be discu:ssed

with the AE-science team.

At UTD we have developed a data anaLvsi:; program monitor in connection

with the processing of the RPA and MIMS data from AE. it this scheme were

implemented for MESA, the further effort involved to complete the data

analysis, place the data in the UA file, and provide a titm plot ot each

orbit processed would be minimal. The pro)graim wo Ii hve to run in tile

MESA Account. I this plan is to be j iVell ctmv; id, r at io it oj :ld 1e

implemented soon, because of the impending Il,s:s of the Af cominlter for AE

data process _ng.

i1
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APPENDIX

Neutral Wind Measuremenlt

We desire to use the measured drag force F on a s;it:ll t- to dc I rhiut.

the neutral gas winds (W). We can write (il the .-. tLllitv tram'):

V =-V +U)X R +W (n S

where V = total neutral gas velocity in the satellite tramen

V = satellite velocity5

w = earth's angular velocity

R = satellite position vector

W = neutral wind in earth's rotating frame of reference.

The drag force on the satellite is:

F = 1/2 pACD IVniVn

where p = atmospheric density

CD= drag coefficient in direction of Vn

A = presentation area normal to V ot ;atellite.
n

Assume the satellite is oriented with i's X axi approximately in the rim

direction and with its Z axis horizontal. l ien the acceleration component.; Ir.:

a = F• 7/M (3)
z

a = F X/M (,.0x

where M = satellite mass.

13



We also note that V is parallel to a+ where a+ = a X + a Y + a1 Z.
n x y z

Making tht. substitution V ' V - W x R we can rearrange (1):

w= +v' (5)n S

or looking at just the Z component

W = V +-V ' (6)
z n z S z

Using eq. (3) and (4) wc can show

1 %V
__ nz (7)

x V
nx

I'sii,, t.. definit ,,ion V

V V -*X
uI: v o

;4V x

+

t I. '

ur- t; 2) , elimillate 'V [n eq. (8) we can then substitute this

...v×prt.;!ion for V into eq. (7) and get:
iOx

z A2M /2

Tihu; the ,:prcts-ion I,r tilt, 'mponent O, tilt' nUtral wind becomes:

'M1/2 ,W . ._._ ,._ _ 10 )
A C +I) 4

I'



V ' depends only on satellite position, velocity and the earth's

rotation. These parameters can be obtained from the orbital-attitude data ot the

A.E. computer facility. However, an independent value of p is also required.

Alternatively, using equations (6), (7), and (8) we can eliminate the

dependence of W on the magnitude of p or CD, and obtain:Z

a

wz = IV I z 4 V (II
+

Thus the fact that CD and A depend on the -ingle of t Ltick is cancel led out

if Equation (11) is used. But even if Equation (10) i!s used, it is not likelv

that CD will change very greatly over the small angles ot attack normally

encountered (<100).

Making the approximation Vn = Vs' Equation (II) becomes:

a
W ['i z + v' z (12)

I+l

or

(a + I- Cosax)
W -Iv s ,  z - (13)

z s I

where a - angle between V ' and Z.
S

Equation (13) is the same as Equation (1) in the text, and is used in the

UTD winds program to determine W . Without in accurate independent measurement
z

of p no determination can be made of the other components of W.

Estimate of Error. The validity of the approximation IV V! ' may he
n S

examined under typical conditions.

Using (11) and (13)

.1

W i _ v + V , (

z g n .

we know (:v 7n '  1v !V _

and typically a /a I < 0.09
z + -



So for a 200 m/s wind the error term in (14) is < 16 m/s.

A secondary source of error is introduced in that ia+I is LYpiCal1y

determined by using only one sensor and making the assumption that the

neutral wind velocity is anti-parallel to the satellite velocity, zhus

we can write:

I l= a / (x "~L
InJ

a (X • (15)x Iv"'I

For IWI 2)0 m/sec this leads to a maximum 2.7% error in Ia . Using

(12) this implice an error < 16 m/s. Thus, these two sources of error are

about equal in rnignitude.

II



4


